SUMMARY An analysis of the clinical value of radioisotopic lung function (RLF) tests has been carried out on the results of studies in 123 children with heart or lung disease. The overall incidence of useful RLF tests was 53 %, but in children between 6 months and 6 years the incidence was higher (69 %). The incidence of useful RLF tests was similar whatever the question to be answered, although rather higher when information about differential pulmonary blood flow was required. Lists of conditions are presented for which the incidence of useful RLF tests is likely to be high (72%), moderate (46 %), and low (14%).
The use of radioisotopes for studying lung function has been applied to adults for a long time and also, to some extent, in children able to co-operate with adult techniques (Kjellman, 1967; Treves etal., 1974) . The indications for radioisotopic lung function (RLF) tests have never been clearly defined and depend upon the physician's enthusiasm and the availability ofequipment as much as anything else. In a recent textbook on paediatric nuclear medicine (James et al., 1974 ) the section on lung scanning recommends the application of RLF (chiefly in the form of labelled macroaggregates) for virtually every paediatric pulmonary and cardiac disorder.
We have previously described the development of a method for studying regional lung function in children of all ages requiring no active co-operation from the child, its application in various pulmonary conditions Ronchetti et al., 1975; Winlove et al., 1977) and for the detection of pulmonary vascular disease (McKenzie et al., 1977) . Over the past 2 years we have applied the technique in the investigation of 123 children with a variety of disorders. This experience has led us to a clearer understanding of the indications for using RLF tests in children and we now present our conclusions.
Patients
All the children studied had either pulmonary or cardiac disease which in the opinion of the physician in charge of the patient was of such a nature as to justify RLF testing in order to provide additional Received 1 April 1977 information about the severity or localization of the disease. The children were aged between one month and 14 years. Methods RLF tests were carried out as described elsewhere Ronchetti et al., 1975) and the method will only be summarized here. The child lay supine on a couch over a gamma camera and breathed normally throughout the study. Small children were lightly sedated so that they kept still. The isotope used in all but 3 children was radioactive nitrogen (13N) which has a half-life of only 10 minutes and was produced for immediate use by the adjacent Medical Research Council Cyclotron Unit. The other children received xenon (133Xe). The isotope was administered once as an inhalation bolus via a nasal catheter in infants or via a mouthpiece in co-operative children and once as a bolus infusion into a peripheral vein. The arrival and washout of radioactivity in both perfusion and inhalation studies was continuously recorded with a gamma cameracomputer system. Subsequently, the results were corrected for camera nonuniformity, background, and isotope decay, and were then expressed as activity-time curves. 13N is extremely insoluble and so the inhalation study reflects the distribution and adequacy of clearance of ventilated lung. When injected intravenously, 13N leaves the blood for the gas as soon as it reaches the alveoli and is then washed out by ventilation. Any delay in washout after perfusion compared with inhalation is thus a measure of ventilation-perfusion imbalance. The results using 860 Godfrey and McKenzie '33Xe are similar. 'Normal' ranges of values for regional lung function in children were calculated from 20 normal lung zones in children with known localized disease 
Interpretation of data
The objective of the present study was to determine the clinical importance of RLF in the children who had been studied in good faith with the prior belief that the test would be useful. The clinical and physiological data for each child were considered in terms of the questions posed at the time of the study, and the eventual answers. All the relevant investigations were then considered to determine which, if any, had given the clearest answers to the questions raised at the time of the RLF study. In most children there was only one main question to be answered and only one useful investigation, but sometimes there was more than one question or equally useful investigation so that the totals in the tables of results do not always appear the same. Thus there were 123 children studied to answer 135 questions and there were 152 useful investigations.
Results
Of the 123 children studied, 13% were less than 6 months old, 45 % were between 6 months and 6 years old, and 42 % were over 6 years. The clinical categories and proportions of useful RLF tests in each age range are given in Table 1 . It should be noted that this is not a completely random selection of children passing through this department and is somewhat biased by current interests in cystic fibrosis, musculoskeletal deformities, and pulmonary vascular disease. Apart from these groups, the most common diagnostic classification was unilateral radiolucent lung. The miscellaneous group consisted of children with a wide variety of unrelated disorders or suspected lung disease not fitting into the other diagnostic groups listed in Table 1 . Among the large cardiac group there were children with many types of congenital heart disease of which the commonest was ventricular septal defect (57 %) with or without pulmonary hypertension.
The overall incidence of worthwhile RLF studies, i.e. the proportion which gave a definite answer to the diagnostic question, was 53%, and this varied from 0 to 83 % in the different clinical groups (Table  1) . They were considered to be of no value in children with bronchiectasis, isolated lung cysts or solid lesions, and inhaled foreign bodies because although the scans were highly abnormal and was useful so that the total numbers of useful tests in the groups shown in the Fig. exceed (Alderson et al., 1974) , congenital heart disease (Arborelius et al., 1971; Alderson et al., 1976) , and respiratory distress syndrome (Koch et al., 1973) , but there has been no previous systematic attempt to establish the clinical value of the tests in a wide selection of patients. We do not intend to discuss the method here, as we have already presented evidence of its application and validity elsewhere Winlove et al., 1977; Godfrey et al., 1977) . However, we now have a good idea of the range of normal function for both ventilation and perfusion studies, and the comparison of the washout curves from such studies gives a useful estimate of ventilation-perfusion imbalance.
The decision about the value or otherwise of the RLF and other types of test in the present study has had to be somewhat subjective since there is no obvious way of making a quantitative estimate of value. In most cases it was easy to decide whether or not the test provided data of real significance to the management, i.e. diagnosis or prognosis, and in those cases where more than one test provided similar information then the simplest or safest test was usually obvious. For example, both RLF and whole body infant plethysmography can be used to determine whether an infant under 6 months of age has evidence of lung disease in the presence of a normal chest x-ray, but in this case the harmless, noninvasive infant plethysmograph technique would obviously be the better test. In a few cases the decision was difficult, especially if they were cardiac patients. Thus in a child with pulmonary hypertension estimated at catheterization, an abnormal RLF test added nothing and yet in other children we found discrepancies between the catheter data and the site or severity of pulmonary vascular disease. In those children the RLF tests were useful and one could argue that they should be carried out in all infants with high pulmonary blood flows to detect pulmonary vascular disease.
The overall incidence of useful RLF tests of 53 %
